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A Programmable Converter havtng an automatic Channel 
5 Sequencing Mode 

Field of the Invention 

The present invention relates to a converter, such as an analog to digital converter, 
wherein the converter has plurality of input channels, and the sequence in which 
10 those channels are converted is programmable. 

Description of Prior Art 

' Multi-channel analog to digital converters typically have a single converter 
therein with two or more channels multiplexed into the single converter through 
15 transmission gates. Typically one of the plurality of available channels is selected 
by explicitly writing the channel number into the control register of the converter 
using a suitable interface, such as a serial interface. 

Such an arrangement is, in terms of processor overhead, cumbersome and 
20 inefficient as the channel register has to be programmed each time the user wants 
to change the channel to be converted. That is to say, converting P distinct 
channels requires P distinct control register write operations. 

To overcome these problems, some multi channel analog to digital converters 
25 have been provided with some form of •automatic cycling. 

A converter commercially available from Texas Instruments as a 'TLV2548' is an 
8 channel converter which has a programmable auto channel sweep function. The 
user programmes a control register therein, and two of the bits in the control 
30 register are decoded to offer one of four preset channels sequences. No other 
channel sequences are available. The channel sequences are set out as follows: 



Control Register Bits 


Sequence Channel Order 


00 


0-1-2-3-4-5-6-7 


01 


0-2-4-6-0-2-4-6 


10 


0-0-2-2-4-4-6-6 


11 


0-2-0-2-0-2-0-2 



Thus, the user must choose one of the preset sequences and cannot mask out 
channels at their own choosing, 

Summar y of the Invention 

According to a fust aspect of the present invention, there is provided an analog to 
digital converter, where the converter has N input channels, and where any one or 
more of the N input channels can be converted in order in response to a control 
word, the unselected channels being skipped. 

It is thus possible to provide an analog to digital converter in which the sequence 
cycle time to convert all of the channels in a user definable sequence is 
substantially proportional to the number of channels selected, and wherein the 
user can freely define those channels which are to be converted in sequence. The 
user's definition of which channels are to be converted can be supplied as a single 
command. 

Advantageously the analog to digital converter is operable in other modes of 
operation, such that the number of the next channel to be converted can be 
explicitly written into the control register, and/or automatic cycling through each 
and every channel can be instructed. 

Advantageously each conversion result output from the converter includes a 
channel identifier in order to explicitly identify the number of the channel that has 
been converted and a digital representation of the analog input at that channel. 
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Preferably the output of the converter is provided as a serial word, thereby 
minimising the number of output pins required by the converter. 

Advantageously the control word indicating which channels are to be converted is 
5 held in a control register. The register is advantageously N bits long such that 
each, bit corresponds to an associated one of the channels. Thus, control of the 
converter can be simplified, The control register may be one of a plurality of 
registers provided for controlling the operation of the digital to analog converter, 

1 0 According to a second aspect of the present invention there is provided a circuit 
comprising a plurality of latches having respective inputs and outputs, wherein the 
•latches are arranged such that the output of a latch is provided to the input of a 
subsequent latch and the latches are responsive to a latch signal, and wherein in a 
first mode of operation a latch selected by a respective latch mode control signal 

15 is arranged to latch a signal received at its input in response to a latch signal, and . 
in a second mode of operation selected by the latch mode control signal the input 
at the latch is transferred directly to its output irrespective of the state of the latch 
signal. 

20 The term "latch" as used herein refers to the generic sense of operation where a 
device has an input, an output and a control line, and where following a trigger 
event the output is held steady irrespective of changes occurring at the input. 

The "latching" function can be implemented by combinational logic functions 
25 such as a D type flip-flop or a D type latch. From a review of textbooks it appears 
that some authors regard the terms as being synonymous. However, some 
workers in the art ascribe precise and different meanings to the terms. In 
particular a latch is regarded as a level triggered device whereas a flip-flop is 
sometimes regarded as an edge triggered device. 

30 

In order to avoid confusion, a device that provides a generic latching function will 
be referred to herein as a "latch". If a specific need to describe the device as being 
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level triggered is identified, then the device will be described as being a level 
triggered latch. Where the edge triggering nature of a device is important, then it 
will be described as being edge triggered, for example an edge triggered flip-flop. 

5 Also, in general, a latch (when not used in the generic sense) describes a device 
that when not in the latched mode propagates the signals at its input directly to its 
output. 

According to a third aspect of the invention, there is provided a counter circuit 
10 comprising a plurality of latches arranged in a chain, each latch arranged to 

operate in a first mode of operation wherein, in response to a mode control signal, 
•a latch is arranged to latch a data signal received at a first input of the latch and in 
a second mode of operation where, in response to the mode control signal, the 
latch is arranged to pass said data signal directly to the input of a subsequent latch 
15 in the chain. 

It is thus possible to provide a counter circuit having a plurality of elements 
arranged to shift a single logic "one" from one element to a succeeding element in 
response to a clock signal, and wherein each element is further responsive to a 
20 select signal for selecting the element such that, if the element is selected, it 
participates in the shifting of the signal, and if not selected the element merely 
propagates the signal. 

Such a counter circuit is preferably associated with a control register such that the 
25 mode control signal for the or each element in the circuit is held by the register. 
Advantageously an output gate is also controlled in response to the mode control 
signal such that internal transient signals propagating through the circuit are not 
propagated from outputs of unselected ones of the elements. Thus the mode 
control signal acts to select whether a latch and associated gate will participate in 
30 the formation of a shift or ring counter; or whether the latch will effectively 
function as a wire and the gate will be held at a predetermined output. 
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Preferably each element comprises at least one latch, for example a D (delay) type 
latch and means for inhibiting the latching operation of the latch. A first 
inhibiting means may be provided by effectively removing the latch from the 
chain of elements when it is not selected and bypassing it with a suitable logic 
5 gate or combination of gates. 

In a preferred arrangement, each element in the latch comprises first and second D 
type level triggered latches arranged in series, the D input of the first latch is 
arranged to receive data from a preceding element, or from a injection node in the 

10 case of the first element in the chain. The output of the level triggered D type 
latch is provided to the D input of the second level triggered D type latch, and the 
•output of the second latch is then provided as an input to a subsequent element, 
Level triggered D type latches have the property that the input signal occurring at 
the data input is immediately propagated (subject to internal gate propagation 

15 delays) to the output thereof whilst the 'clock' signal at a clock input is in a first 
logic state, and the data is latched when the clock is at a second logic state. 
Advantageously a master clock is provided from a clock line to the clock input of 
the first level triggered D type latch via a suitable gate, such as an AND or NAND 
gate, such that transitions on the clock line only occur if an element select signal 

20 supplied to one of the inputs of the gates is selected, and such that, if the gate is 
not selected the D type latch is arranged such that it is held in a mode where the 
signal at the data input is propagated directly to the output thereof. Similarly, the 
second D type latch has its clock signal provided through a gating arrangement 
such that, if the particular element is not selected it is also arranged such that data 
25 always propagates directly from its D input to its output. 

Brief Descrip tio n of the Drawinp s 

The present invention will be further described, by way of example, with 
reference to the accompanying drawings, in which: 

30 

Figure 1 schematically illustrates the internal configuration of an analog to digital 
converter constituting an embodiment of the present invention; 



Figure 2 schematically illustrates the multiplexer of the converter of figure 1 in 
greater detail; 

Figure 3 schematically illustrates a ring counter arrangement not constituting part 
of the present invention; 

Figure 4 schematically illustrates a ring counter constituting an embodiment of the 
present invention; 

Figure 5 illustrates a circuit for seeding the ring counter of figure 4 with a single 
'1'; 

Figure 6 illustrates a control register of the converter shown in figure 1 ; 

Figure 7 illustrates a shadow register of the converter shown in figure 1; and 

Figure 8 schematically illustrates a timing diagram for the converter shown in 
figure 1, 

Description of Embodiments of the Invention 
Referring to figure 1, the analog to digital converter generally indicated 2 
comprises an input multiplexer 4 arranged to receive inputs V^O to V.J 5 and to 
supply one of these inputs to a track and hold element 6 which in turn, in response 
to a select signal provided by control logic block 8, holds the input signal supplied 
thereto for a period long enough for a 12 bit succesive approximation analog to 
digital converter 10 to derive a digital representation of the analog signal provided 
at the selected one of the inputs V In 0 to V- m l5. The multiplexer 4 is controlled by 
a sequencer 12 which, as will be described more fully hereinafter, allows for 
automatic cycling through all of the inputs, automatic cycling through a user 
defined sub-selection of the inputs, or each input to be selected explicitly by virtue 
of its address. The control logic 8 handles the digital interface with the outside 



world, including receiving instructions for control of the analog to digital 
converter 2, implementing those instructions, and modifying the responses 
returned from the analog to digital converter 10 in such a way that it matches the 
user's requirements. 

Figure 2 schematically illustrates the arrangement of the sequencer 12 and the 
multiplexer 4 in greater detail. The multiplexer 4 has, in this example, sixteen 
inputs labelled V^O to V in 15. Each of these is connected to a common input of a 
track and hold 6 via respective switches, of which only five switches 20, 22, 24, 
26 and 2S are shown for clarity. Each switch is for simplicity regarded as heing in 
the form of a field effect transistor which is connected such that the drain thereof 
is connected to the respective input, and the source thereof is connected to a 
common rail 30 leading to the input of the trade and hold 6. In practice the switch 
will be in the form of a transmission gate fabricated from PMOS and NMOS 
transistors in parallel. A gate, for example, gate 32 of transistor 20 is connected to 
a respective control line from the sequencer. Thus, transistor 20 is controlled via 
control line 34, transistor 22 via control line 36, transistor 24 via control line 38, 
transistor 26 via control line 40 and transistor via control line 42. 

The sequencer is arranged to control the transistors 20, 22, 24, 26 and 28 such that 
only one transistor can be switched into a conducting state at any one time. This 
is to avoid the possibility of two transistors being on, for example transistors 20 
and 22 thereby effectively shorting their respective inputs V in 0 and V ta l together. 

Once an input has been selected, for example, input V in l, the sequencer switches 
the transistor for that input, in this case transistor 22, on such that a signal is 
supplied from the input to the track and hold 6. The track and hold 6 is well 
understood by persons skilled in the art and need not be described further here, 
except to say that a track and hold is functionally equivalent to the equally well 
known sample and hold circuit, although it does not suffer from slew rate limiting 
or parasitic capacitance to quite the same extent. 
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Once the hold signal is asserted, the analog to digital converter 10 performs a 
successive approximation conversion using a digital to analog converter and a 
comparator, again as well understood by the skilled person in the art. The output 
of the converter 10 is combined at an output element 50 with a further output 52 
5 of the sequencer 12, the output 52 providing a binary coded word, or other 

suitable symbol, indicating the channel identity of the channel which has been or 
is currently being converted. 

Conventionally, multi channel converters having sequencers therein operate by 

10 converting each of the channels in succession. Thus, a travelling ' 1 ' would be 
sequentially walked through each of the control lines 34, 36, 38, 40 and 42 in 
•succession before being returned to the first control line 34. This process would 
happen indefinitely. Figure 3 schematically illustrates a prior art arrangement for 
achieving this, Figure 3 schematically shows eight D type falling edge triggered 

15 flip-flops labelled 60, 70, 80, 90, 100, 1 10, 120 and 130. The flip-flops are 

arranged such that a non inverting output 64 of the D type flip-flop 60 is provided 
to the data input 72 of the flip-flop 70. The non inverting output 74 of the flip- 
flop 70 is provided to the data input 82 of the flip-flop 80. The non inverting 
output 84 of the flip-flop 80 is provided to the data input 92 of the subsequent 

20 flip-flop 90, and this sequence of events is repeated up the chain until the last flip- 
flop 130 is reached. The non inverting output from the flip-flop 132 is returned to 
the data input 62 of the first flip-flop 60 via a suitable gating arrangement, such as 
an OR gate, or as shown in figure 3 through a NAND gate 140 having an 
inverting input 142, which is a functional equivalent of an OR gate. The gate 140 

25 has a further input 144 which is connected to a circuit for generating a transitory 
logic '1' signal such that one '1' can be propagated into the counter arrangement 
following a reset or power up condition. 

As shown, each of the flip-flops 60 to 130 has a clock input 66, 76, 86, 96, 106, 
30 1 16, 126 and 136 which are connected to a common clock line 150. The D type 
flip-flops 60 to 130 are, in this example, arranged to be edge triggered such that it 
is only the falling edge of the clock signal, which is a square wave, which causes 
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the input of the D type flip-flop to be propagated and held at its output (it is of 
course possible for the person skilled in the art to implement this circuit using 
rising edge triggered flip-flops). Thus, if following reset a logic 1 is introduced 
on line 144, and then the clock 150 undergoes a high to low transition, a logic 1 

5 will appear at the output 64 of the first D type 60. The signal on input 144 is then 
removed and replaced by a logic 0. If the clock 150 is then driven with a square 
wave, such that the signal repeatedly undergoes transitions between the logic low 
and logic high levels, and then from the logic high to logic low levels, at each 
falling edge the logic 'V is advanced from one flip-flop to the next flip-flop, one 

10 step at a time. Once the logic '1' reaches the final D type flip-flop 130, it is 
returned to the first flip-flop 60 via the gate 140. Thus, a single one can be 
•endlessly propagated around the chain of flip-flops. 

As shown, each flip-flop is associated with a respective NAND gate 6S, 78, SS, 
15 98, 108, 118, 128 and 138 which receives the output of its associated D type flip- 
flop at one input thereof. Each NAND gate only has two inputs, and the other 
input thereof is provided with a control signal from a control register (not shown) 
which can be used to inhibit propagation of the output of any one of the D type 
flip-flops 60 to 130 to an associated output node 69, 79, 89, 99, 109, 1 19, 129 and 
20 139. 

In this arrangement, a control word loaded into the control register can be used to 
inhibit the output of any one of the nodes 69 to 139 attaining the logic level 1 1'. 
However, if an output is inhibited it is still 'counted 3 within the ring counter 

25 formed by the chain of D type flip-flops 60, 70, 80, 90, 100, 1 1 0, 120 and 130. 

Thus, for tins 8 output ring counter illustrated in figure 3 even if only one of the D 
type flip-flops, for example 80, was selected such that its respective output could 
obtain a logic ' 1 ' with all of the other flip-flops being controlled such that their 
respective output nodes weie held at logic '0', then the time taken to cycle around 

30 the counter would be 8 clock pulses, with seven of these clocks being effectively 
wasted. Thus, the time taken to cycle around the counter is invariant of the 
number of outputs enabled. 
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This waste of time becomes more significant as the number of channels is 
increased. 

5 Figure 4 schematically illustrates three circuit blocks 160, 162 and 164 which 
effectively replace the D type flip-flops 60, 70 and 80 in figure 3, The remaining 
D type flip-flops are also replaced by the functional blocks shown in figure 4. 
Each block is identical, and consequently only one will be described in detail for 
the sake of brevity. Block 160 comprises first and second level triggered D type 

10 latches 170 and 180. A data input 172 of the first latch 170 serves as a data input 
to the block 160, and as such is equivalent to input 62 of figure 3. A non- 
inverting output 174 of the latch 170 is provided to a data input 182 of the level 
triggered D type latch 180. A non-inverting output 1 84 of the latch 1 80 provides 
' an output of the functional block 160 and hence is equivalent to output 64. The 

15 latches 170 and 180 are arranged such that if their clock inputs 176 and 1S6 are in 
a first allowed state, for example logic T then the signal at their respective data 
inputs 172 and 182 is propagated directly to their non inverting (Q) outputs 174 
and 184 respectively. However, if the clock signals 176 and 186 are in another 
logical state, for example logic '0' then the latches latch the data at their data 

20 inputs such that the Q outputs 1 74 and 1 84 remain unchanged even if the signals 
at the data inputs 172 and 182 vary. The clock signals 176 and 186 are derived 
through NAND gates 190 and 200. A first input 192 and 202 of each NAND gate 
190 and 200, respectively, is connected to receive a select signal, in this case 
labelled SO as it is the select signal for the zero 'counter' in the ring counter 

25 formed by these gates. Element 1 62 has a select signal of S 1 , element 1 64 a select 
signal S2 and so on. The select signals SO to S 15 are stored in a control register, 
which in the commercial embodiment of the invention is referred to as a "shadow 
register". In the arrangement shown in figure 4, if SO has a logic ' 1 ' then the 
block 160 is selected whereas if SO is at a logic '0' then the block 160 is 

30 deselected and is effectively removed from the chain of counters as will be 

described in greater detail hereinafter. A second input 194 of NAND gate 190 is 
connected to a clock signal line 150. If signal SO is at a logic ' 1 then the signal 
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occurring at an output 196 of the NAND gate 190 is an inverted version of the 
clock signal 150. Thus, if clock 150 is low then the signal at the clock input at 
176 of the first D type latch 170 is high and the signal at the input 172 thereof is 
propagated to the output 174 thereof. As the clock 150 goes high the signal at the 
clock input 176 of the D type latch 170 goes low, and consequently the output 174 
thereof becomes latched such that a subsequent change to the input 172 does not 
affect the output 174 whilst the clock 176 remains low. 

The output 196 of the NAND gate 190 is also provided to a second input 204 of 
NAND gate 200. Thus, provided that SO is at a logic '1 ' the signal at an output 
206 of NAND gate 200 is an inverted version of the signal at the output 196 of 
NAND gate 190. The output 206 is connected to the clock input 186 of the 
second D type latch 1 SO. Thus, provided SO is at a logic ' 1' the clock inputs 176 
and 1 86 are also the inverse of each other. Thus, if gate 170 is effectively 
'transparent', that is the signal at the D input 172 is propagated to the output 174 
' because the clock 176 is at a logic 1, then gate 180 is 'opaque 1 in that changes 
occurring at its D input 182 are not propagated to its Q output 1 84, but the output 
1 84 remains latched in its present state. Thus, in one complete clock cycle a 
signal occurring at the input 172 can be propagated, in a latched mode, to the 
output 1 84. Thus, the unit 160 functions as if it were a normal D type flip-flop. 
Indeed, it can be seen from examination of the clock propagation path through the 
NAND gates 190 and 200 that output 1 84 is updated when the clock signal 150 
goes high. Thus the functional block 160 behaves as if it was a single rising edge 
triggered flip-flop and thus is a functional equivalent to the flip-flop shown in 
Figure 3 , However, if SO is held at a logic state '0' , thereby indicating that 
functional unit 160 is not selected then the output of NAND gate 190 becomes a 
logic T irrespective of the state of the clock 150, Similarly, the output 206 of 
NAND gate 200 also becomes a logic '1' irrespective of the state of the clock 150. 
When this occurs, both D type latches 170 and 180 become 'transparent' such that 
the signal occurring at input 172 is propagated to output 1 84 immediately (or at 
least subject to internal gate delays). Thus, the input 172 is effectively directly 
connected to the output 184 and the gate 160 is thus shorted out, In essence, it 
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functions as if it was a wire. The output 184 of the D type latch 180 is buffered 
via a further NAND gate 210 which receives the output 184 at a first input 212 
thereof and the select signal SO at a second input 214 thereof. An output of the 
NAND gate 210 is supplied to an inverter 216 whose output 218 is used as a drive 
signal to an associated one of the tnnsistors switches in the multiplexer. Thus, if 
SO is at a logic '0' state, the output 218 will always be low and any transitory 
signals propagating through the eler lent 160 will not get inadvertently propagated 
to the output 21 8 and hence to an urjselected channel. 



Thus if, as before, the blocks 160, 1 
logic T can be sequentially propagked 
conventional manner. However, if spme 
their selection signal SN at a logic 'I 
of the block, then that block is effectively 
taken to propagate the single '1 ' aropnd 
directly proportional to the number 



As with the arrangement shown in fi 
flop) in the chain (not shown in figuri 
first counter shown in figure 4 via 
as an OR gate, but the functionality 
only a single logic ' 1 ' into the counter 
combination with the circuit shown 
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!2, 164 and so on are selected, then a single 
around the ring of such blocks in a 
of the blocks are not selected, by placing 
where N represents the sequence number 
removed from the chain and the time 
the chain of blocks is substantially 
blocks in the chain. 



igure 3, the output of the final counter (flip- 
e 4) is propagated back to the input of the 
140, Gate 140 has herein been described 
■ thereof, together with the ability to propagate 
chain can be provided by a NAND gate in 
figure 5. 



The truth table of a NAND gate is well known. If both its inputs are high then its 
output is low, if both its inputs are low, then its output is high, and if one input is 
high and the other is low then the output is high. Thus, as shown in figure 4, if 
gate, then its first input 142 needs to be 
230, which in turn has its input 232 
:ounter in the counter chain. The second 



gate 140 is implemented as a NAND 
connected to an output of an inverter 
connected to the Q output of the last < 



input 144 is connected to the circuit sjhown in figure 5, 
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The arrangement shown in figure 5 comprises a D type edge triggered flip-flop 
300 which has its data input 302 permanently connected to the positive supply rail 
via a pull up resistor 304. The Q output 306 of the flip-flop 300 is connected to 
the input 144 of NAND gate 140. The D type flip-flop 300 also receives the clock 
5 signal 150 and a reset signal 'reset' . Upon receipt of the reset signal, D type flip- 
flop 300, and all of the latches in the counter circuit as shown in figure 4 reset, 
thus all of the outputs thereof become logic '0'. In this state it becomes necessary 
to propagate a single T into the counter formed by the chain of latches. 

10 Immediately following the reset condition the output of the final counter (block) 
in the chain is at a logic '0', and hence this signal is provided to input 232 of the 
.inverter 230. Thus, the input 142 of NAND gate 140 receives a logic T. 
However, the output 306 from the D type flip-flop 300 is at a logic '0' 
' consequently the output 146 of the NAND gate 140 is at a logic '1'. At the first 

15 clock pulse 150 following removal of the reset signal, this logic '1 ' occuniag at 
the output 146, and hence at the input 172 is clocked into the D type flip-flop 170. 
Simultaneously, the logic ' 1 ' occurring at input 302 of D type 300 is clocked to its 
output 306 thereof so that the input 144 of gate 140 will now always see a logic 
'1' until the next reset occurs. At this time, both inputs 142 and 144 are at logic 

20 ' 1' and hence the output 1 46 becomes logic ' 0' . Thus, a single ' 1 ' has been 
propagated into the counter chain. 

In the arrangement shown in figure 4, the clock signal 1 50 may either be derived 
from counting down a clock, SCLK, used to clock the analog to digital 
25 conversion, or may be derived from an end of conversion signal which is 

produced by the converter once it has finished its conversion on a given channel. 
Thus, if it is known that the conversion by successive approximation takes 1 6 
SCLK clock cycles, then the clock 150 for the shift register can be obtained by 
dividing the SCLK clock by sixteen, 

30 

As shown on figure 1, the device need only have a few control pins. In the 
example shown, apart from the analog input pins V b 0 to V h l5,a. reference voltage 
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REF^ and the supply voltages V dd and ground (gnd) the device also has a chip 
select, This pin has the dual function of initiating data conversion within the 
circuit and also framing the transfer of serial data between the circuit and other 
devices. A serial output pin DOUT provides the conversion result of the 
5 converter. The output bits are clocked out at the serial clock rate, with, in this 
example, the bits being clocked out on the falling edge of the serial clock SCLK. 
As described hereinbefore, the data stream consists of four address bits indicating 
which channel the conversion result corresponds to, followed by 12 bits of 
conversion data with the most significant bit first. The output coding may be 
10 selected as straight binary or as two's complement via a coding bit selected in a 
control register. 

A data in pin, DIN, is a pin which allows the serial data to be written into a 
control register held within the control unit 8 and, if appropriate, also to the 
15 shadow register (figure 4) which is used to indicate which selected ones of the 
channels should be converted. Data is clocked into this input on the falling edge 
of the serial clock. Finally, in order to enhance interfacing between this device 
and logic families using different logic voltages, a voltage drive (V DRIVE ) pin is 
provided which determines what voltage the serial interface of the chip runs at. 

20 

In order to control the device, control words can be written into the control unit 8 
via the data in, DENT, pin. A first example of a control word is shown in figure 6. 
In this example the control word is twelve bits long starting at the most significant 
bit, the first bit is a write control bit which, if set, indicates that the following 
25 eleven bits should be loaded into the control register. If the write bit is a '0' then 
the remaining eleven bits are not loaded into the control register and so it remains 
unchanged from its previous status. 

Following the write bit is a SEQ bit which, in combination with a subsequent 
30 shadow bit, controls the operation of the sequencer 12. The next four bits, ADD3, 
ADD2, ADD1, ADDO indicate the explicit number of the next channel to be 
converted. These bits may also be used to indicate the number of the final 
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channel which is to be converted in a consecutive sequence. The next two bits 
PM1 and PMO are power management bits and determine the levels of shutdown 
that may be applied to the device. The next bit is the shadow register bit whose 
operation will be described hereinafter. The next bit is the xv^TRl w Hch sets 
5 the state of the data out line at the end of the current serial transfer. If this bit is 
set to ' 1' then the data out line will be weaMy driven to the channel address bit 
ADD3 of the ensuing conversion. However, if this bit is set to zero then the data 
out will return to a high impedance condition at the end of the serial transfer. . 

10 The next bit is a range bit which controls the analog range of the converter. If this 
is set to zero then the analog input range extends from zero volts to two times the 
voltage at REF^, for the next conversion. However, if it is set to one then the 
. analog input range extends from zero volts to REF^ for the next conversion. The 
final bit is a coding bit which is used to set the style of the coding applied to the 

15 conversion result. If it is set to zero then the output coding will be two's 

complement, whereas if it is set to one then the output coding will be binary. 

Following the control word, there is also an option to write a sixteen bit word into 
the shadow register, with each one of the bits indicating whether one of the inputs 
20 VfoO to V.J.5 will be converted or not hi the next conversion sequence. These bits 
are held in a register, the outputs of which provide the signals SO to S15. 



Returning to the power management bits, the power is managed in accordance 
with the following criteria. 

25 



PM1 


PMO 


Mode 


1 


1 


This is the normal mode of operation and a device remains in its full 
power mode regardless of the status of any of the other inputs. 


1 


0 


This causes the device to enter shutdown, whilst retaining the information 
in the control register. 
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0 


1 


Auto shutdown. In this mode the device automatic-ally enters shutdown at 
the end of conversion. 


0 


0 


Auto standby, in this mode the converter is mainly powered down, but the 
on chip bias generator remains powered up and the chip can be repowered 
within one clock cycle, 



The sequence and shadow register bits are used to control the way in which the 
channels axe converted, If both the sequence and shadow register bits are set to 
5 zero, this means that a sequence function is not used. The identity of the input 
channel to be converted is decoded from the address bits ADD3 through to ADDO 
of each preceding data write operation. This mode of operation reflects traditional 
operation of a multi channel analog to digital converter without the sequencer 
function being used. 

10 

If the sequence bit is set to zero, and the shadow bit is set to one, then this 
configuration selects the shadow register for programming. The next data input 
write operation will load the contents of the shadow register and hence will 
programme the sequence of channels to be converted on each successive valid CS 
15 falling edge. This sequence will continue until interrupted by a suitable command 
issued to the converter. 

If the sequencer bit is set to one and the shadow bit is set to zero, this indicates 
that the sequence function will not be interrupted upon completion of a write 
operation. This allows other bits in the control register to be altered between 
conversions whilst in a conversion sequence without terminating the sequence. 

If SEQ is set to one, and SHADOW is set to zero, this configuration is used in 
conjunction with the channel address bits ADD3 to ADDO to program channel 
conversions on a consecutive sequence of channels starting at channel zero and 
finishing at a final channel as determined by the number (address) programmed 
into ADD3 to ADDO bits in the control register. This sequence will continue until 
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interrupted by an external command. 

Figure 8 schematically illustrates a timing diagram for the device shown in figure 
1 during an analog to digital conversion. Clock signals occurring on the SCLK 
line are ignored until such time as the chip select, CS j s asserted. As this occurs, 
the currently selected channel in the conversion sequence, is held by the track and 
hold unit 6. The successive approximation converter can then commence its bit 
trials on each successive falling edge of the serial clock SCLK, to obtain a digital 
representation of the analog value. The most significant bits of the converted 
result can be written out on the data out bus before the least significant bits have 
been determined. The first four bits of the serial data indicate the identity of the 
channel that has been converted. 

At the same time, data may be loaded into the control register or the shadow 
register within any conversion period as framed by the chip select signal. Control 
data is loaded in the first twelve clock cycles, whereas shadow register data is 
loaded in the first sixteen clock cycles, 

Although the operation of a counter circuit in accordance with the present 
invention has been described in terms of walking a e l ' through a field of 'O's, it is 
of course possible to invert the logic and walk a '0' through a field of ' l's. 

It will be appreciated that the counter may equally be arranged to count 
"backwards" if suitable direction control logic is provided. 

It is thus possible to provide a versatile analog to digital converter which may 
convert any one of a plurality of channels in numerical order; which can 
automatically and continuously convert a contiguous sub-selection of channels 
starting at channel zero and finishing at a pre-determined channel as specified by 
the user on a channel by channel basis, the sequence continuing until interrupted 
by an external instruction; or which may automatically and continuously cycle in 
order through a selection of channels, the length of the cycle being proportional to 
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the number of channels selected and the sequence continuing until interrupted by 
an external instruction or by a user (ie other hardware); and which may convert 
any single channel as specified by a user or a command device. 



